Transposition of a new 5.4-kb transposon, Tn4811, of Streptomyces lividans to the melC operon of Streptomyces antibioticus on plasmid pU702 was discovered. The nucleotide sequence of this copy of Tn4811, which contained an imperfect (9 of 11 bp) terminal inverted repeat, five putative Streptomyces coding sequences for an oxidoreductase and its transcription regulator, and three transposition-related proteins, was determined. SLP-strains of S. lividans contained one copy (A) of Tn4811, while SLP2+ strains contained an additional copy (B) on the SLP2 plasmid. The nucleotide sequences at three insertion junctions of Tn4811 were determined. Copy B lacked 41 bp from the left end. At the other five junctions the duplication of a putative 3-bp target sequence (TGA) was observed. A sequence of less than 3 kb homologous to Tn4811 was present in S. antibioticus. DNA homologous to Tn4811 was not detected in 14 other Streptomyces species.
10-2. Exposure to certain stresses such as UV irradiation, DNA intercalating agents, cold temperature, or protoplasting and regeneration increases the frequency of these instabilities. The mutations involved in the instabilities are attributed to large deletions of chromosomal DNA, which are frequently accompanied by tandem amplifications of particular sequences nearby (32) . The genetic principle(s) underlying the structural instability is not clear. Possible mechanisms involved are homologous recombination, site-specific recombination, and transposition. Homologous recombination systems in Streptomyces species and their contribution to genetic instability have received little study. Tsai and Chen (41) isolated a rec mutant defective in intraplasmid recombination but not in chromosomal recombination (25) . Chou and Chen (11) , in their investigation of an unstable arg gene, found no effect of this rec mutation on its instability. Site-specific recombination and transposition, although representing forms of fluidity of genomic DNA, have not been implicated in the instability of other DNA sequences (8) .
About one-third of Streptomyces species can produce melanin pigment (44) . The melanin (melC) operon of Streptomyces antibioticus has been cloned (24) , sequenced (3) , and widely used in many recombinant vectors. The melC operon in the Streptomyces species examined is genetically unstable, undergoing spontaneous deletions at relatively high frequencies-about 10-' (32) . Similar to those observed in other unstable genes in Streptomyces species, the deletions of melC were frequently accompanied by extensive tandem amplifications of specific sequences (18, 32) .
The structure of the melC sequence on recombinant plasmids is also relatively unstable, being frequently observed in many laboratories. In this study we characterized the structural instabilities of melC on a recombinant plasmid, pIJ702, and discovered a new 5.4-kb transposon, designated Tn4811 (independently discovered by Tanaka et al. [38] ). The nucleotide sequence of Tn4811, which exhibited an imperfect terminal inverted repeat and several potential coding sequences with putative transpositional and accessory functions, was determined. Two copies of Tn4811 were found in wild-type Streptomyces lividans. Putative duplications of target sequences were detected at the insertion junctions. Screening of 15 other Streptomyces species for sequences homologous to Tn4811 by hybridization revealed only a less than 3-kb homolog in S. antibioticus.
MATERIALS AND METHODS
Bacterial cultures, plasmids, and phages. The bacterial strains and plasmids used in this study are in Tables 1 and 2, respectively. S. lividans TK64 argX was an Arg-mutant of TK64 that required arginine or ornithine for growth (11) . Streptomyces albus B3381 and Streptomyces griseorubens IAM0060 were a gift from Ying-Chieh Tsai (National YangMing Medical College, Taipei, Taiwan). S. antibioticus strains were grown on S agar or in S liquid medium (9) at SLP3')   22  TK19  SLP2-SLP3+  22  TK20  SLP2+ SLP3-22  TK21  SLP2-SLP3-22  TK23  SLP2-SLP3-spc-1  22  TK24  SLP2-SLP3-str-6  22  TK64  SLP2-SLP3-pro-2 str-6  22  TK64 argX  SLP2-SLP3-pro-2 (36, 38) . This element was originally designated IS456, but because of the complexity of its genetic content, we (Tanaka's and our laboratories) now regard it a type II transposon (see below) and have renamed it Tn4811.
Determination of nucleotide sequence of Tn4811. The copy of Tn4811 on pLUS729 was subcloned into 25 phagemids and sequenced in both directions by using synthetic oligonucleotide primers. The Tn4811 sequence was determined by comparison of the compiled sequence with the melC sequence. Between the putative duplicated target sequences, TGA (see below), the total length of Tn4811 is 5,396 bp (Fig. 2) potential protein products encoded by the five ORFs. Only the ORF4 and ORF5 products found significantly similar protein sequences. The ORF4 product is similar to a group of oxidoreductases ( Fig. 3) , including the protochlorophyllide reductase (Pcr) of barley (33) , the glucose dehydrogenase of Bacillus megateium (19) , the ribitol dehydrogenase of Kgebsiella aerogenes (28) , and the NodG protein of Rhizobium meliloti (which is homologous to ,B-ketoacyl reductase [34] ). The similarity among these oxidoreductases was stronger at the N termini. The ORF4 product was most similar to Pcr, with an identity of 35% and a similarity of 48% (Fig. 3) . Although the putative ORF4 product is likely also an oxidoreductase, its function is not clear.
The ORES product is similar to a group of bacterial transcription regulators of the AraC (arabinose operon regulator) family. Figure 4 shows an optimized alignment of the ORFe product with five members of the AraC family. AraC of Erlinia carotovora exhibited the highest homology with the ORES product (26% identity and 50% similarity). Along the polypeptide sequences the strongest similarity lies in the C termini that contain potential helix-turn-helix DNA-binding domains (17) , also seen in the ORES product. The divergently oriented ORF4 and ORES are separated by 188 bp of relatively low G+C content. This region is likely to contain the promoter and regulatory sequences involved in the divergent transcription of the two putative genes. The distances between the translation start sites in the known divergent promoters of prokaryotes range from 103 to 611 bp (2) . Beck and Warren (2) oar _0-
TCGCCAGCCA GGTGACCACC GGTCTGCTGC GTCGCCCTGC AGTGGCGTAC AAGGCAATGA 1200
GCGAGCACTT CGAGGACACC AATCCGGTTrG CCCCGGCGGT CCGTCACATC GACCGGACGG 1320
CCCGCATGCC GCGGCCCACC CGAACGACAA GTGGGTCAAG CACATCGTCG CTCAGCTCAA 1920
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DekbR VIAGVVIW--EPVYTA8KFAVQArvHTThRv-AQYGVRvGAVLPGPVVT 10 , and a unit gap cost of 10 were used. The bold characters denote homologous amino acids. Among the aligned sequences, perfectly conserved residues are indicated by an asterisk below, and well conserved residues are indicated by a dot. Pcr is most similar to the ORF4 product, with an identity score of 35% and a similarity of 48% by using the GAP program of the UWGCG package (gap weight of 3.0, length weight of 0.1, average match of 0.54, and average mismatch of 0.396). The first 74 amino acids of Pcr is supposedly a transit peptide (33) . Pcr is shown starting from amino acid 51, whereas the others start at amino acid 1. directly regulates a gene located elsewhere, all the regulatory polypeptides act within the intergenic region. It is most likely that the ORF5 product also regulates the divergent transcription of ORF4 and ORF5. The notion that ORF4 and ORF5 form a functional unit is supported by our finding of a 2.2-kb sequence in S. antibioticus containing highly conserved sequences of ORF4 and ORF5 in the same arrangement (45) (see below).
ORF1 to ORF3 as possible transposition proteins. Although no siguificant similarity to protein sequences in the data bases was observed for ORF1 to ORF3, a low level of similarity of the putative ORF1 and ORF2 products to some DNA-binding proteins and retroviral DNA polymerases was detected. ORF1 contained a consensus ATP/GTP-binding motif A (43) or P-loop (31), A/G-X4-G-K-S/T, at residues 124 to 131 (Fig. 2) . Proteins possessing this motif include several bacterial helicases (such as DnaB, RecB, Rho, and UvrD), viral proteins essential for replication (UL5 of herpes simplex virus, BBLF4 of Epstein-Barr virus, PS3 of human cytomegalovirus, and the product of gene 55 of varicellazoster virus), and the yeast PIF protein involved in mito- (39) , the arabinose operon regulator AraC of E. carotovora (26) , and the virulence regulon transcriptional activator VirF of Yersinia species (12) . The parameters and notations used are as in Figure 3 . The predicated helix-turn-helix (h t h) DNA-binding domains are indicated by the overline. AraC is most similar to the ORF5 product, with an identity score of 26% and a similarity of 50% by using the GAP program of the UWGCG package (gap weight of 3.0, length weight of 0.1, average match of 0.54, and average mismatch of 0.396).
chondrial DNA recombination (21) . All these proteins are known or presumed to be involved in nucleic acid replication and/or recombination. The ORF1 product may take part in the replication and/or recombination process during transposition.
Furthermore, the predicted pIs of the ORF2 and ORF3 products were very high (10.9 and 11.2, respectively). This is consistent with the fact that many characterized transposase proteins are very basic (15) . Thus, we tentatively suppose that these are genes involved in transposition and its regulation. The lack of homology between these ORFs and other transposon-encoded products is not uncommon. The putative transposition-related proteins encoded by Streptomyces transposable elements, ISJJO (7), IS117 (20) , and IS493 (35), also showed no homology to other known transposases.
Putative transcriptional and translational signals. The basic features of Tn4811, including the distributions of restriction sites, potential coding sequences, and G+C content, are summarized in Fig. 5 . Two distinct regions of relatively low G+C contents were discerned: one between ORF4 and ORF5 (53% G+C) and the other at 170 to 60 bp upstream from ORF1 (50% G+C). The low G+C is typical for putative promoter-containing regions in Streptomyces species. We propose that these regions contain the promoter sequences.
ORF3, ORF4, and ORF5 had a putative 5-bp ribosomebinding sequence (1, 4) , GGAGG, located 4, 11, and 6 bp, respectively, upstream from the initiation codon. ORF1 had (Fig.  2) .
Occurrence of Tn4811. The 5.0-kb KpnI-SstI fragment that spanned more than 90% of Tn4811 was subcloned on pBluescript II KS(+) to yield pLUS791 and used as a hybridization probe in subsequent experiments. Southern hybridization (Fig. 6 ) revealed a single copy of Tn4811 in the genome of TK64, which had been genetically characterized, but not physically proven, to be plasmidless (23) . Thus, the location of copyA cannot be certain. On the other hand, an additional copy of Tn4811 was present in wild-type S. lividans 1326 and its SLP2+ derivatives (see legend to Fig. 6 ). We designated the copy of Tn4811 in TK64 copyA and designated the other copy B. Copy B appeared to cosegregate with SLP2. We have recently isolated SLP2 DNA and confirmed the presence of Tn4811 on it (10).
The restriction and hybridization patterns of the two copies of Tn4811 were indistinguishable. The restriction maps of the region spanning the two copies were determined by a series of Southern hybridization analyses (Fig. 6) . Unexpectedly, the homology between the two copies extended further from the right end of Tn4811, whereas the sequences flanking the left ends were different. The homology to the right extended for about 10 kb and approximately coincides with the right end of SLP2 DNA (10) .
Tn4811 in S. lividans appeared quite stable. During this and other studies, we have never detected its movement on the chromosome (by using the not-very-sensitive Southern hybridization assay) or to a plasmid other than the ones reported here. Tanaka et al., however, reported the transpositions of Tn4811 to plasmids (38) and the rearrangement of Tn4811-containing sequences in ethidium bromide-induced mutants of S. lividans 1326 (37) .
Fifteen other Streptomyces species (Table 1) were probed for the presence of sequences homologous to Tn4811. Only S. antibioticus contained a sequence (less than 3.0 kb) of significant homology (data not shown). This S. antibioticus sequence, designated Vi, is homologous to the ORF4 and ORF5 sequences of Tn4811 (45).
The junction sequences of three Tn4811 insertions. A cosmid clone containing the copy B sequence was isolated from a library of SLP2 DNA (10) by hybridization with a Tn4811 probe. A cosmid clone containing the genomic copy A sequence was isolated from a library of TK64 (SLP2-). Junction fragments from these two insertions were subcloned in pBluescript II KS(+) ( Table 2 ) and their nucleotide sequences were determined. These junction sequences together with those for copy A on pLUS729 are aligned and shown in Fig. 7 .
CopyA of Tn4811 from the genomic DNA of TK64 and the copy from pLUS729 are identical in their terminal sequences, which is consistent with the fact that the copy on pLUS729 originated from the TK64 genome. Interestingly, the putative (duplicated) target sequence (TGA) of the insertion on TK64 genome is identical to that on pLUS729. Copy B isolated from SLP2 DNA is 41 bp shorter from the left terminus than copyA. Again, the right junction is flanked by the TGA triplet.
The insertion of Tn4811 into a TGA (opal) termination codon is not likely to affect the expression of the gene. This potentially allows Tn4811 to transpose with a reduced probability of damaging the host and being detected by genetic screening. In the insertional inactivation of melC on pLUS729, the putative target was an out-of-frame TGA triplet. If Table 1 were tested, but only selected results are shown here. All the SLP2+ strains gave the same hybridization pattern as 1326 (with both copies of Tn4811), whereas all the SLP2-strains, like TK64, had copy A only. Hybridization to the 11.0-kb BclI fragments was very weak but real. The hybridizing 6.6-kb BclI fragment in TK20 DNA was due to incomplete digestion. codon TGA, its presence might not have been detected. In this connection, TGA is by far the most frequently used termination codon in Streptomyces species (42) . Analyses of more insertion sites will be necessary to determine the precise target specificity of Tn4811.
